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AB An electrolyte is claimed or achieving maximum theor . operational voltage 
window for use in a capacitor. The electrolyte comprising a solvent; a 
salt comprising a 1st anion and a 1st cation; and an additive. The 
additive is provided in a sufficient quantity to modify a voltage 
differential across an elec. double layer associated with at least one 
electrode of said capacitor such that said voltage differential is closer 
to a predetd. voltage breakdown limit for the electrolyte and said at 
least one electrode than a voltage differential across an elec. double 
layer associated with said at least one electrode and a further electrolyte 
comprising said solvent and said salt but no additive. A capacitor 
comprising 1st and 2nd electrodes and the aforementioned electrolyte. 
Methods for optimizing an electrolyte for use in a capacitor and manufacturing 
optimized capacitor systems are also presented. 
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AB The title nonaq. ionic liquid having its m.p. <50° is 

[XR1R2R3R4] +• [RfaBF4-a] - and [XR1R2R3R4] +• [RfbBF6-b] - and 
[XR1R2R3R4] +• [Rf 6BF6-b] - (I, II: X = N, P; Rl-4 = Cl-5 alkyl, 
R'0(CH2)n- alkoxyl, any two of R1-R4 may form a ring with X leaving 
>1 of R1-R4 to be alkoxylalkyl ; R' = Me, Et; Rf = Cl-4 

perf luoroalkyl ; n =1-4; a =1-4 int., b =1-6 int.). I and II are ionic 
liquid having viscosity lower than that of prior-art ionic liquid having 
tetraf luoroborate anion or hexaf luorophosphate anion and are less reactive 
in hydrolysis. The noble ionic liquid is applicable to elec. charging 
devices such as double-layer capacitors and lithium ionic batteries. 
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AB Disclosed is a quaternary ammonium salt represented by the formula I 
straight chain or branched alkyl group having 1-4 carbon atoms; R2 = 
straight chain or branched alkyl group having 1-3 carbon atoms; and X 
CF3C02 -, CF3S03BF3 -, C1BF3 -, A1F4 -, CF3BF3 -, C2F5BF3 -, N(S02F)2 
PF6 -, AsF6 - or SbF6 -) . 
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AB New cyclic quaternary ammonium salts, composed of N-R-N- 

methylpyrrolidinium, -oxazolidinium, -piperidinium, or -morpholinium 
cations (R = n-Bu, MeOCH2, MeOCH2CH2) and a perf luoroalkyltrif luoroborate 
anion ( [RFBF3 ] -, RF = F3C, C2F5, n-C3F7, n-C4F9), were synthesized and 
characterized. Most of these salts are liqs. at room temperature The key 
properties of these salts, namely, phase transitions, thermal stability, 
d., viscosity, conductivity, and electrochem. windows, were measured and 

compared 

to those of their corresponding [BF4 ] - and [ (CF3S02 ) 2N] - salts. The 
structural effect on all the above properties was intensively studied in 
terms of the identity of the cation and anion, variation of the side chain 
in the cation (i.e., alkyl vs. alkyl ether), and change in the length of 
the perf luoroalkyl group (RF) in the [RFBF3]- ion. The reduction of Li+ ions 
and reoxidn. of Li metal took place in pure N-butyl-N-methyl-pyrrolidinium 
pentaf luoroethyltrif luoroborate as the supporting electrolyte. Some of 
these new salts show desirable properties, including low m.ps., high 
thermal stabilities, low viscosities, high conductivities, and wide 
electrochem. windows, and may thus be potential candidates for use as 
electrolytes in high-energy storage devices. In addition, many salts are 
ionic plastic crystals. 
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AB The ionic liquid comprises >1 anion selected from the group 

consisting of [BF3 (CnF2n+l ) ] - (n = 2, 3, or 4) and >1 organic ammonium 

ion. The ionic liquid is manufactured by mixing a 1st compound containing the 

anion as 

anion component with a 2nd compound containing the organic ammonium ion as 
cation 

component . 
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CM 1 



CRN 390750-62-6 
CMF C2 B F8 
CCI CCS 



~F F 

3+1 I _ 
~F B- C — CF3 

"F F 



CM 2 

CRN 58875-50-6 
CMF CIO H22 N 



Me-(CH 2 )4 Me 




RN 834861-88-0 CAPLUS 

CN Pyrrolidinium, 1-hexyl-l-methyl-, (T-4) -trifluoro (pentaf luoroethyl ) borate ( 
1-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
~F B- C — CF3 

~F F 



CM 2 

CRN 330671-30-2 
CMF Cll H2 4 N 



Me- (CH 2 )5 




Me 



RN 834861-89-1 CAPLUS 

CN Pyrrolidinium, 1-heptyl-l-methyl-, (T-4) -trifluoro (pentaf luoroethyl ) borate 



(1-) (9CI) (CA INDEX NAME ) 



CM 1 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
~F B— C — CF3 

"F F 



CM 2 

CRN 330671-32-4 
CMF C12 H26 N 



Me-(CH 2 )6 Me 



RN 834861-90-4 CAPLUS 

CN Pyrrolidinium, 1- (methoxymethyl ) -1-methyl-, (T-4)- 

trifluoro(pentafluoroethyl)borated-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 615564-10-8 
CMF C7 H16 N 0 



MeO— CH2 Me 



CM 2 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
~F B— C — CF3 

~F F 




\+/ 




RN 834861-91-5 CAPLUS 

CN Pyrrolidinium, 1- ( 2-methoxyethyl ) -1-methyl-, (T-4)- 

trifluoro (pentaf luoroethyl ) borate (1-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 464927-75-1 
CMF C8 H18 N 0 



MeO— CH2— CH2 Me 



CM 2 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
~F B- C — CF3 

"F F 

RN 834861-92-6 CAPLUS 

CN Pyrrolidinium, 1- ( 2-ethoxyethyl ) -1-methyl-, (T-4)- 

trifluoro(pentafluoroethyl)borate(l-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
"F B— C — CF3 

~F F 



CM 2 



\+/ 




CRN 23671-55-8 
CMF C9 H2 0 N 0 



EtO— CH2— CH2 Me 




RN 834861-93-7 CAPLUS 

CN Pyrrolidinium, 1- [2- ( 2-methoxyethoxy ) ethyl] -1-methyl-, 

(T-4)-trifluoro(pentafluoroethyl)borate(l-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 743436-79-5 
CMF CIO H22 N 02 



MeO-CH2-CH2-0-CH2-CH2 Me 



CM 2 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



"F F 

3+1 I _ 
_ F B— C — CF3 

~F F 

RN 858948-62-6 CAPLUS 

CN Pyrrolidinium, 1- ( 2-methoxyethyl ) -1-methyl-, (T-4)- 

trifluoro(trifluoromethyl)borate(l-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 464927-75-1 
CMF C8 H18 N 0 



MeO— CH2— CH2 Me 



\+/ 





CM 



2 



CRN 
CMF 



44629-17-6 
C B F6 



CCI CCS 



F 



_ I 3 + 
F— C — B F" 

F F" 

RN 858948-66-0 CAPLUS 

CN Pyrrolidinium, 1- ( 2-methoxyethyl ) -1-methyl-, (T-4)- 

trifluoro (heptaf luoropropyl ) borate (1-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 658698-74-9 

CMF C3 B F10 

CCI CCS 



~F F 

3+1 I _ 
"F B— C — CF2- CF3 

"F F 



CM 2 

CRN 464927-75-1 
CMF C8 H18 N 0 



MeO— CH2~ CH2 Me 



RN 858948-68-2 CAPLUS 

CN Pyrrolidinium, 1- (2-methoxyethyl) -1-methyl-, (T-4)- 

trifluoro(nonafluorobutyl)borated-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 658698-75-0 

CMF C4 B F12 

CCI CCS 



~F F 

3+1 I _ 
"F B— C — CF2— CF2— CF3 

~F F 



\+/ 




CM 



2 



CRN 
CMF 



464927-75-1 
C8 H18 N 0 



MeO-CH2 




Me 



RN 858948-70-6 CAPLUS 

CN Pyrrolidinium, 1 , 1-dimethyl-, (T-4) -trifluoro (pentaf luoroethyl ) borate ( 1-) 
(9CI) (CA INDEX NAME) 

CM 1 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
~F B- C — CF3 

-F F 



CM 2 

CRN 15312-12-6 
CMF C6 HI 4 N 



Me Me 



RN 858948-71-7 CAPLUS 

CN Pyrrolidinium, 1-ethyl-l-methyl-, (T-4) -trifluoro (pentaf luoroethyl ) borate ( 
1-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
~F B— C — CF3 

~F F 




CM 



2 



CRN 15302-90-6 
CMF C7 H16 N 
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<\ +^ [C 2 F 5 BF 3 ]- 
N 

/ \ 
Bu Me 



AB A series of hydrophobic ionic liqs., e.g., I, comprising 

N-alkyl-N-methylpyrrolidinium and perf luoroethyltr if luoroborate were 
prepared and characterized. The [C2F5BF3] — based salts showed lower m.ps. 
than the corresponding [BF4] — based ones. Of these salts, some were liqs. 
at room temperature and show very low viscosities (37-71 cP at 25 °C), 
high ionic conductivities (3.0-6.8 raScm-1) and wide electrochem. windows. 

IT 834861-85-7P 834861-87-9P 834861-88-0P 
834861-89-1P 834861-91-5P 834861-92-6P 
834861-93-7P 

RL: PRP (Properties); SPN (Synthetic preparation); PREP (Preparation) 
(preparation and physicochem . properties of pyrrolidinium 
perf luoroethyltrif luoroborates via anion exchange of pyrrolidinium 
bromide followed by salt formation with perf luoroethyltrif luoro (hydro) b 
oron) 

RN 834861-85-7 CAPLUS 

CN Pyrrolidinium, 1-methyl-l-propyl-, (T-4) -trif luoro (pentaf luoroethyl ) borate 
(1-) (9CI) (CA INDEX NAME) 



CM 1 



CRN 390750-62-6 
CMF C2 B F8 
CCI CCS 



3 + 



~F F 

•B- C— CF3 
"F F 



CM 2 



CRN 108259-90-1 
CMF C8 H18 N 



n-Pr Me 




RN 834861-87-9 CAPLUS 

CN Pyrrolidinium, 1-methyl-l-pentyl-, (T-4) -trifluoro (pentaf luoroethyl ) borate 
(1-) (9CI) (CA INDEX NAME) 



CM 1 



CRN 390750-62-6 
CMF C2 B F8 
CCI CCS 



3 + 



T f 

■B- C— CF3 
"F F 



CM 2 



CRN 58875-50-6 
CMF C10 H22 N 



Me- (CH2) 




RN 834861-88-0 CAPLUS 

CN Pyrrolidinium, 1-hexyl-l-methyl-, (T-4) -trifluoro (pentaf luoroethyl ) borate ( 



1-) (9CI) (CA INDEX NAME ) 



CM 1 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
~F B— C — CF3 

"F F 



CM 2 

CRN 330671-30-2 
CMF Cll H2 4 N 



Me-(CH 2 )5 Me 



RN 834861-89-1 CAPLUS 

CN Pyrrolidinium, 1-heptyl-l-methyl-, (T-4) -trifluoro (pentaf luoroethyl ) borate 
(1-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
"F B— C — CF3 

~F F 



CM 2 

CRN 330671-32-4 
CMF C12 H26 N 




Me-(CH 2 )6 I 

\+/ 

o 



RN 834861-91-5 CAPLUS 

CN Pyrrolidinium, 1- ( 2-methoxyethyl ) -1-methyl-, (T-4)- 

trifluoro (pentaf luoroethyl ) borate (1-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 464927-75-1 
CMF C8 H18 N 0 



MeO— CH2— CH2 Me 



CM 2 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
~F B- C — CF3 

"F F 

RN 834861-92-6 CAPLUS 

CN Pyrrolidinium, 1- ( 2-ethoxyethyl ) -1-methyl-, (T-4)- 

trifluoro(pentafluoroethyl)borate(l-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
"F B— C — CF3 

~F F 



CM 2 



\+/ 




CRN 23671-55-8 
CMF C9 H2 0 N 0 



EtO— CH2— CH2 Me 




RN 834861-93-7 CAPLUS 

CN Pyrrolidinium, 1- [2- ( 2-methoxyethoxy ) ethyl] -1-methyl-, 

(T-4)-trifluoro(pentafluoroethyl)borate(l-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 743436-79-5 
CMF CIO H22 N 02 



MeO-CH2-CH2-0-CH2-CH2 Me 



CM 2 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



"F F 

3+1 I _ 
_ F B— C — CF3 

~F F 

IT 834861-86-8P 834861-90-4P 

RL: PRP (Properties); SPN (Synthetic preparation); PREP (Preparation) 
(preparation, physicochem . properties, and electrochem . stability of 
pyrrolidinium perf luoroethyltrif luoroborates via anion exchange of 
pyrrolidinium bromide followed by salt formation with 
perf luoroethyltrif luoro (hydro) boron) 

RN 834861-86-8 CAPLUS 

CN Pyrrolidinium, 1-butyl-l-methyl-, (T-4) -trif luoro (pentaf luoroethyl ) borate ( 
1-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
"F B— C — CF3 

~F F 



\+/ 




CM 



2 



CRN 223437-10-3 
CMF C9 H2 0 N 



n-Bu 



Me 



+ 




RN 834861-90-4 CAPLUS 

CN Pyrrolidinium, 1- (methoxymethyl ) -1-methyl-, (T-4)- 

trifluoro(pentafluoroethyl)borate(l-) (9CI) (CA INDEX NAME) 

CM 1 

CRN 615564-10-8 
CMF C7 H16 N 0 



MeO— CH2 Me 



CM 2 

CRN 390750-62-6 

CMF C2 B F8 

CCI CCS 



~F F 

3+1 I _ 
"F B— C — CF3 

~F F 




N 
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